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Summary  We  have  studied  the  diffuse  UV  emission  from  Lockman  Hole  using  23  Deep  Imaging
Surveys (DIS)  of  GALEX  mission  in  order  to  quantify  different  components  of  diffuse  UV  radiation
and search  for  extragalactic  emission.  The  region  is  important  due  to  the  presence  of  minimal
amount of  gas  and  dust  and  the  GALEX  images  cover  more  than  10  square  degrees  in  the  region.
The UV  emissions  in  the  region  are  compared  with  Infrared  100  m  emission  and  we  ﬁnd  a  slight
anti-correlation  between  UV  and  IR  ﬂux,  which  we  attribute  to  the  presence  of  extragalactic
contribution  in  the  diffuse  background.  Using  the  positional  details  of  Spitzer  —  SERVS  and  SWIRE
surveys,  the  contribution  of  extragalactic  light  was  extracted  as  192  photons  cm−2 sr−1 s−1 A˚−1
in  FUV  and  as  201  photons  cm−2 sr−1 s−1 A˚−1 in  NUV  with  the  AB  magnitude  range  of  17—27.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Lockman  Hole  is  the  region  observed  as  minimum  in  the
Galactic  HI distribution  (NHI ∼5  ×  1019 cm−2)  and  having  low
dust  column  density,  well  studied  in  different  wavelengths.
This  ﬁeld,  originally  studied  by  Lockman  et  al.  (1986)  is
used  to  obtain  a  clear  and  unobstructed  view  of  objects  in
deep  space,  far  beyond  our  own  galaxy.  This  region  pro-
vides  an  excellent  window  for  the  study  of  extragalactic
radiation  (Elvis  et  al.,  1994)  and  for  the  identiﬁcation  of
different  components  that  contribute  to  diffuse  ultraviolet
 This article belongs to the special issue on Engineering and Mate-
rial Sciences.
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licenses/by-nc-nd/4.0/).UV)  background  as  well  as  foreground.  In  the  current  study
e  analyze  an  area  of  ∼12  square  degrees  towards  Lockman
ole  using  Galaxy  Evolution  Explorer  (GALEX)  observations.
bservations
he  GALEX  spacecraft  as  well  as  its  mission  (2003—2013)
rovide  the  best  available  data  in  the  UV  till  date.  GALEX
ission  details  are  well  described  by  Martin  (2005)  and
orrissey  and  Barlow  (2007). We  examined  23  deep  obser-
ations  of  GALEX  in  Lockman  Hole,  centred  at  R.A:  162.5◦
nd  Dec:  58.0◦,  covering  an  area  of  ∼12  square  degrees  with
(HI)  variation  5—7  ×  1019 cm−2. In  Deep  GALEX  images,  the
oint  sources  are  only  a  small  fraction  (less  than  7%)  of  the
otal  signal  while  the  bulk  of  the  radiation  is  diffuse  UV
adiation  which  has  two  parts,  foreground  and  background.
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b)  NUV  ﬂuxes  as  a  function  of  IR100.
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oFigure  1  Diffuse  (a)  FUV  and  (
he  diffuse  background  radiation  of  the  region  was  quanti-
ed  after  the  removal  of  point  sources  and  re-binned  into
 arcmin  resolutions  (Sujatha  et  al.,  2009,  2010).  The  diffuse
V  data  thus  obtained  for  the  region  contain  instrumental
ark  count,  foreground  emissions  as  well  as  the  background
missions.  Foreground  emissions  (airglow  and  zodiacal  light)
ere  estimated  and  subtracted  from  the  ﬁeld  as  discussed
n  Sujatha  et  al.  (2010)  to  extract  the  UV  background  in  the
egion.  The  diffuse  UV  data  thus  obtained  were  studied  after
emoving  the  edge  effects  by  using  only  the  central  1.15◦ of
ALEX  ﬁeld  of  view  (FOV:  1.25◦).
orrelation studies
he  background  radiation  may  be  the  sum  of  dust  scattered
adiation  and  extragalactic  radiation  due  to  the  presence
f  minimal  dust  in  the  region.  Due  to  high  scatter  in  a
ew  observations  we  discarded  LOCK  05  &  17,  from  our
tudies.  In  Fig.  1,  we  have  plotted  observed  FUV  &  NUV  back-
round  ﬂuxes  as  a  function  of  Infrared  100  m  intensity  (IR)
easured  by  Infrared  Astronomical  Satellite  to  study  the
ependence  of  UV  on  IR.  The  lack  of  correlation  between
hem  clearly  indicates  that  the  major  part  of  the  diffuse  UV
adiation  in  the  region  is  not  due  to  dust  scattered  radiation
s  expected.  However,  there  exists  a  moderate  correlation
etween  FUV  and  NUV  background  (Fig.  2)  in  the  region.  We
ave  also  noticed  a  slight  anti-correlation  between  UV  and
R  ﬂuxes,  which  can  be  explained  as  the  dust  extinction  in
he  extragalactic  contribution.  FUV/NUV  ratio  less  than  one
igure  2  FUV  ﬂux  as  a  function  NUV  ﬂux  in  this  region.
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aFigure  3  FUV—NUV  ratio  plot.
n  the  region  (Fig.  3) indicates  that  there  are  no  additional
missions  in  FUV  either  due  to  line  emissions  or  due  to  H2
uorescence  as  expected  for  the  region.  No  signal  in  CO  map
lso  supports  the  absence  of  H2 ﬂuorescence.  These  factors
learly  suggest  that  the  major  contributor  in  UV  background
f  the  Lockman  region  is  of  extragalactic  origin.
easurement of extragalactic UV radiation
he  IR  missions  such  as  Spitzer  Extragalactic  Representative
olume  Survey  (SERVS  —  Mauduit  et  al.,  2012)  and  Spitzer
ide-area  Infrared  Extragalactic  survey  (SWIRE  —  Surace
t  al.,  2005)  a wide-area  survey  observed  Lockman  Hole  (gl:
52.0◦ &  gb:  52.0◦) in  both  3.6  and  4.5  m  bands  during
pril/May  2004.  The  SERVS  survey  covering  4  degree  square
round  gl:  149.0◦ and  gb:  54.0◦ in  the  Lockman  Region  and
aving  total  of  68,414  objects  and  SWIRE  Catalogue  having
23,044  sources  were  taken  into  account.
We  have  done  the  aperture  photometry  around  each  IR
alaxy  in  the  GALEX  images  and  estimated  UV  intensities  in
B  magnitude  following  the  procedure  of  Bose  and  Sujatha
2015). The  IR  galaxies  detected  in  the  UV  ﬁeld  are  in  the
B  magnitude  range  17.0—27.0  (Fig.  4)  and  are  considered
s  limiting  UV  magnitude  for  the  region,  beyond  which  there
s  a  drop  in  the  number  counts  in  GALEX  observations.  We
ound  that  a  bunch  of  IRAC  objects  in  the  ﬁeld  which  show  an
nhancement  in  UV  intensity  from  their  local  background,
re  not  tabulated  in  the  GALEX  UV  catalogue.  These  IR
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SFigure  4  Number  counts  of  UV  galaxies  in  the  Lockman  region
as a  function  of  AB  magnitude.
sources  contribute  a  signiﬁcant  amount  to  the  diffuse  UV
background  especially  in  this  region  due  to  the  minimum
extinction.
Conclusion
We  have  studied  the  Lockman  region  using  high  resolution
data  from  GALEX  and  Spitzer  missions  and  found  that  a
bunch  of  galaxies  which  are  present  in  Spitzer  catalogue
and  not  in  GALEX  catalogue  are  the  major  contributors  in
diffuse  UV  background  and  are  of  the  order  of  ∼192  photons
cm−2 sr−1 s−1 A˚−1 in  FUV  and  ∼210  photons  cm−2 sr−1 s−1 A˚−1
S 753
n  NUV.  The  remaining  contribution  (∼120  photon  units)  is
ccounted  as  the  dust  scattered  radiation.  We  also  analyzed
he  components  of  foreground  and  background  emission.
sing  positional  details  from  Spitzer,  the  extragalactic  radi-
tion  was  measured.  These  results  were  consistent  with  pre-
ious  studies  and  are  higher  than  other  existing  surveys  in  UV.
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